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ABSTRACT

Thinking of telecommunication technology GSM, it immediately comes
to mind voice communication, sending and receiving SMS and MMS,
mobile internet, and all what works using this modern technology
introduced in our daily lives. It is less obvious to think, that by using
these services provided through this system, it is possible to monitor and
control remote systems by using the GSM network. Applications can be
used in various fields such as monitoring and remote control of machines,
alarm systems and monitoring, control of doors or light lamps...

The GSM module (TC35) receive the message SMS, then the
microcontroller PIC16F877A control the system-card by lamps. The
software program used in the project named "PROTEUS".
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ABSTRACT

Abstract
Thinking of telecommunication technology GSM, it immediately comes to mind

voice communication, sending and receiving SMS and MMS, mobile internet, and all
what works using this modern technology introduced in our daily lives. It is less
obvious to think, that by using these services provided through this system, it is
possible to monitor and control remote systems by using the GSM network.
Applications can be used in various fields such as monitoring and remote control of
machines, alarm systems and monitoring, control of doors or light lamps...

The GSM module (TC35) receive the message SMS, then the microcontroller
PIC16F877A control the system-card by lamps. The software program used in the
project named "PROTEUS".

Résumé

En pensant a la technologie de télécommunication GSM, il nous vient
immédiatement a I’esprit la communication vocale, I’envoi et la réception des SMS et
des MMS, I’internet mobile, et tous ce qui fonctionne en utilisant cette technologie
moderne introduite dans notre vie quotidienne. Il est moins évident de penser, qu’en
se servant de ces services fournis a travers ce systeme, il est possible de controler et
de commander des systémes a distance en ayant recours au réseau GSM. Des
applications peuvent étre utilisées dans divers domaines comme le contrdle et la
commande a distance des machines, des systémes d’alarme et de surveillance, de
commander des portes ou d’allumer des lampes...

Le module GSM (TC35) regoit les messages SMS, le microcontroleur
PIC16F877A commandé¢ la carte systeme a l'aide des lampes. Le logiciel utilisé¢ dans
le projet nommé "PROTEUS".
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GENERAL INTRODUCTION

General Introduction

The traditional means of information transfer no longer meet the criteria of
efficiency and time constraints that become increasingly severe. The recourse to
sophisticated means of communication becomes essential to ensure control of hazards

that may be encountered, as well as satisfy our need for comfort.

Thinking of telecommunication technology "GSM" is immediately comes to mind
voice communication, sending and receiving SMS and MMS, mobile internet, and all

who work by using this modern technology introduced in our daily lives.

It is less obvious to think, that using these services provided through this system is
possible to monitor and control, remote systems by using the GSM network.
Applications can be used in various fields such as monitoring and remote control of
machines and alarm systems and monitoring, control the door or the lighting of
lamps...etc; for that we have choosing this project, where "supervision by GSM"
present; a simple and easy solution that can help us to ensure proper handling of the

existing reality in order to achieve our goal.

The subject aims to control a machine which will be able to be controlled remotely
using a program from a PIC or a computer. To do this operation; the computer and

machine communicate through a wireless link.

The objectives of this project are many and varied. In the medium term, the
machine must be autonomous and will be entirely subservient to orders and
instructions from the control by PIC. It may even eventually using sensor
communicate with the PC, control it, return information for example on its

environment and to avoid obstacles.
To accomplish this project, we raised several questions as the form of problematic:

What is GSM? What is the relationship between SMS and GSM? What is the AT?

What is the relation between SMS and command circuit?
The content is divided to 4 chapters.
The first one: define the GSM network and SMS service.

The second chapter: define the GSM module and AT commands.
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The third chapter: Study the System Architecture.

The last chapter, display the realization and validation of our project.

The important references used for preparing this project are:

- Interfaces GSM : Montages pour téléphones portables

- PIC Microcontrollers Basic Course PICmicro Mid-Range MCU Family

In fact ,we need to high accuracy in the selection of each piece of the project and
due to the lack of the most important parts in the laboratory we had bought almost all
the pieces, specially the Module GSM, which was the last piece in the market for

that we must be cautious .
At the end, we thank all person helped me in every part of this project.

Now we pass to chapter 1 & its general definitions of project.
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Chapter I GSM network and SMS service

I.1. Introduction

In a world that wants no borders where communication is a vital need, it is important to
develop the right tools and techniques to ensure reliability and quality of communication.
Such tools can be summarized in a good system of supervision and administration. To set up a
monitoring application to intervention and innovative problem solving in a minimum amount
of time we have to choose the right technologies that support those needs. A platform operator
and courier service over the wireless network or the Internet is the best solution to ensure
continuous and effective supervision. So it is necessary to make comprehensive study of the

GSM system and the messaging service (SMS Short Message Service) [1]

1.2. Wireless networks

A wireless network (les reseaux sans fil) is a network in which the participating machines
are not connected together by a physical medium that is of type copper cable or optical fiber,
which is part of the GSM wireless networks. This type of network allows users to move in a
certain area of coverage without losing the signal and without the need for connection cable to

the network.

The data transmission between the nodes constituting the network is not using a physical
but on the basis of radio waves (radio, infrared). This type of network used to connect various
remote devices and this in an area ranging from a few meters to several tens of meters

depending on the frequencies and powers used [2]
L.3. Overview of GSM

In 1982, the Conference of European Posts and Telegraphs (CEPT) formed a study group
to define and develop a pan-European standard for a mobile telephone system. This group was
given the name Group Special Mobile (GSM). The main task of this group was to propose a
system to overcome inherent issues faced by the analog system existing at that time. The new

system had to meet criteria defined by CEPT as given below:

e Spectrum efficiency

e Support for international roaming

e Lower cost of mobiles, infrastructure, and services
e Superior speech quality

e Support for a range of new services
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e Compatibility with ISDN (Integrated Services Digital Network)

Later, the study group was transferred to the European Telecommunication Standard
Institute (ETSI), which released phase 1 of the GSM specification in 1990. The term GSM
now means Global System for Mobile Communication. The GSM standard, which was
initially developed for Europe, has been embraced worldwide. The standard has been
evolving since then to meet demands of next generation networks. GSM is feature rich. It
includes automatic roaming, full voice and data services, excellent speech quality, and a wide

range of supplementary services. [3]
1.3.1. Characteristics of the GSM network

It is simply to give here the principal characteristics of the GSM network, no structure will

be briefly described below. Tab.I.1

GSM
Frequency band (1) 890.2-915 MHz

(1) 935.2-960 MHz

Number of time intervals by 8
TDMA frame
Ecart Duplex 25.2 MHz
Speed of modulation 271 kbit/sec
Speech rate 13 kbit/sec
rate max of data 12 kbit/sec
Multiple Access Frequency and time Multiplexage
Radius cells 0,3 a30km
Power (terminal) 2et8W

Tab .I.1.Principal Characteristics of GSM. [4]

GSM systems are compatible with all existing telephone networks, so they can have all
their traditional services, namely voice, data, fax, email. Use in addition to the SIM
(Subscriber Identity Module) has also introducing new features making each subscriber
terminal-independent it uses.

The GSM standard can be seen as a good mix of various digital transmission technologies,
such as sharing time, coding of speech at different rates, the survey channel and discontinuous

transmission.

»
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The technique used is to share a time sharing or TDMA (Time Division Multiple Access).
This solution, in fact, to divide each of the carriers used in time intervals, called slots, of
duration T = 0.5769 s. Each slot can transmit a number of bits is called a burst. An interesting
option of the system is frequency hopping or SFH (Slow Frequency Hopping). It helps fight
against selective fading by introducing a relative frequency diversity. A channel is not sitting

on a frequency in reality, but on a set of N frequencies (Np.x = 64).

To summarize, the GSM is a TDMA system of two bands of 200 kHz for both directions of
transmission, frequency duplexing where 8 simultaneous communications can be multiplexed
on the same pair of frequencies. [4]

1.4. GSM architecture

For the system to offer the services provided a set of functions has been defined. These
functions are those required in any mobile network, such as numbering, routing to a mobile
user, the cell transfer, etc... These functions are grouped into functional entities. See fig(I.1)

The GSM system consists of three subsystems are:

. The radio subsystem BSS (Base Station Subsystem)
. The network subsystem NSS (Network Subsystem)
. The sub-system OMC (Operating and Maintenance Center).

557 | Sigraing Eywem 7 EmR
NS Mogde Simticn -
BTS ; Base Trans ook g Saticn
BEG : Baro Siaton Coningdiar

WSC | Mobds Swinshirg Denor

1 GMEL : Gateway MEC L)
YLF : Viskor Locaticn Regisbe .
BTG e, B8 HLA: Homa Lotaticn Rogiser I d
¥ EIR ; Esuismant iBantity Hegsior P -
Ayls ; Autherdcaion Contbes

— AN sMADNGE

CirZun de parale
"""‘-\_

; N, i o

BEE; Baws Station Sub-Syut | | =S Marvasrk and St i ng Suo-Sya ONAC - 1D perartineg i d TR 6 200

Fig. I.1.Architecture of a GSM network. [5]
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1.4.1. Subsystem radio (Base Station Sub-system BSS)

It provides coverage of geographical areas called cells that contain the materials and
software needed to communicate with mobile stations. The radio subsystem manages the

radio transmission, it consists of several entities.

1.4.1.1. Mobile Station MS

The purpose of a GSM is to provide telecommunications services to subscribers regardless
of their movements within a service area served by an operator or possibly by several
operators have entered into agreements each other.

To do this, the mobile subscriber uses a mobile station (MS, Mobile Station), which consists

of two separable elements:

. A mobile equipment that provides radio capacities and software necessary to
dialogue with the network and remains independent of the user subscribed
. A SIM (Subscriber Identification Module) which contains the characteristics of

the subscriber and their rights.

When the card is not present in the terminal, the only service that can accept the network from

the mobile subscriber is the emergency services [5].

1.4.1.2. Base Transceiver Station (BTS)

The BTS (Base Transceiver Station) connects mobile stations in the fixed network
infrastructure.

The BTS is composed of a set of transmitters / receivers. It provides:
. Management of temporal multiplexing (a carrier is divided into 8 slots which 7
are allocated to users), and management of frequency hopping
. The cryptographic operations
. Measures radio to check the quality of service: these measures are transmitted
directly to the BSC
. The management of data link (data and signaling traffic) between the mobile
and the BTS
. The management of the link traffic and signaling with the BSC.
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The maximum capacity of a typical BTS is 16 carriers, or 112 simultaneous
communications. In urban areas where the diameter of coverage of a BTS is reduced, this

capacity may drop to 4 carriers whether 24 communications [5].

1.4.1.3. Base Station Controller BSC

A BSC manages one or more BTS and is connected to one MSC. For traffic coming from
the subscriber BTS, the BSC serves as a concentrator. For traffic coming from the switch, it
acts as a gatekeeper to the BTS for the consignee.

BSC uses radio measurements of BTS to manage the signs of the "handover" between cells

which is responsible [5].
1.4.2. Network Sub-System NSS

The NSS consists again of several elements.

1.4.2.1. Mobile Switching Center MSC

A MSC (Mobile Switching Center) is a switch that realizes the functions of connection and
signaling for mobile phones located in a geographic area called zone location the MSC. The
principal difference between a MSC and a switch to a fixed network is that MSC should
consider the impact of the allocation of radio resources to mobile phones and mobility. It must
have sufficient resources to realize at least the following procedures:

. Procedures for recording the locations
. Procedures required for handovers.

A MSC is the interface between the radio and fixed networks. It performs all the functions

necessary for the implementation and calls to mobiles. In practice, a MSC integrates the

functionality of a VLR [5].

1.4.2.2. Gateway MSC GMSC

If the Public Switched Telephone Network (PSTN) to route a call to a mobile subscriber,
the call is routed to a MSC. The MSC queries the HLR concerned, and then route the call to
the MSC in which the mobile is located (this may be the same MSC). A MSC receives a call
from another network that provides routing of the call to the position of locating a mobile is

called Gateway MSC (GMSC) [5].
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1.4.2.3. Home Location Register HLR

The HLR (Home Location Register) contains the subscriber information of the network.
A network can have multiple bases to implement the HLR according to the capacity of these
databases. In HLR, each subscriber is described by a record containing details of subscription
options and additional services available to the subscriber. In addition to static information
with dynamic information such as last known location of the mobile (location to taxation and
the routing of calls to the MSC in which the mobile is located) and its state. The HLR also
contains the secret key of the subscriber that allows the service to authenticate the subscriber.

This key is registered under a coded format that only the AUC (Authentication Center) can
decrypt [5].

1.4.2.4. Visitor Location Register VLR

The VLR (Visitor Location Register) is a database usually associated with a switch MSC.
It is also possible to consider a VLR shared by multiple MSCs.
Its mission is to record dynamic information relating to subscribers currently connected. The
network needs to know at all times the location of subscribers present. In the VLR, each
subscriber is described in particular by an identifier and a location. With this information, the
network is able to route a call to a mobile subscriber. At each change of location area of a
subscriber, the VLR of MSC which is attached to the mobile must be updated and the
registration of the subscriber in the HLR. When a call must be issued, the HLR is the first

interrogated to determine the last known location of the subscriber [5].

1.4.2.5. Authentication Center AUC

The AUC (Authentication Center) is associated with a HLR and stores an identification
key for each mobile subscriber registered in the HLR. This key is used to make:
. The data needed to authenticate the subscriber in the GSM network
. An encryption key speech (Kc) on the radio channel between the mobile and
the fixed part of the GSM network.
The AUC is a feature usually integrated into the HLR [5].

1.4.2.6. Equipment Identity Register EIR

A EIR save all identities of mobile equipment used in a network GSM. This functionality

can be integrated into the HLR. Each mobile station is registered in the EIR in a list:
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e List "white" position used without restriction
e List "gray" post under surveillance (call trace)
e List "black" stolen item whose technical characteristics are incompatible with the

required quality in a GSM network (unauthorized location) [5].

1.4.3. the sub-system OMC (Operating and Maintenance Center).

The subsystem operation and maintenance OMC (Operating and Maintenance Center).
that are functional entities that allows the network operator to control the system. A OMC-R
(OMC-Radio) supports the supervision and control of a set of BSC and BTS. A OMC-S
(OMC -Switching) can monitor and control a set of MSC / VLR. Beyond the OMC-R and
OMC-S, we can find an NMC (Network Management Centre) which provides the general

administration of the centralized network. The following functions can be specifically

identified:
. Functions related to business management or administrative network
. Security management
. Performance management
. Configuration Management
. Maintenance and alarm management. [5]

L.5. Short Message Service SMS

Nowadays most of the user benefits from the technology of SMS text messages. It can
receive the mobile phone and any kind of information to send SMS to perform operations or
to request information. In this section we will define the SMS service and a brief description

of its operation [1]
L.5.1. Definitions SMS

SMS is the abbreviation for Short Message Service. SMS is a way of sending short
messages to mobile telephones and receiving short messages from mobile telephones. “Short”
means a maximum of 160 bytes. According to the GSM Association, “Each short message is
up to 160 characters in length when Latin alphabets are used and 70 characters in length when
non-Latin alphabets such as Arabic and Chinese are used.” [6]

SMS is first appeared in Europe in 1992. It was included in the GSM standard (Global
System for Mobile Communication) just beginning. Later it was ported to wireless

technologies such as CDMA and TDMA. [7]

10
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1.5.2. SMS transfer procedure

Procedures for transferring short messages are similar to those relating to the establishment

of telephone calls. In the GSM standard specified two different types of SMS:

*

< SMS Point to Point (SMS / PP) for sending a text message from a GSM phone
to another

<> SMS Cell Broadcast (SMS / CB) for sending one or more messages
simultaneously (broadcast) to all mobile located within a specific area covered by one

or more radio cells.

Sending an SMS / PP, from a GSM phone to another, should be considered as a sequence
of two operations: routing the message from a mobile phone to a particular entity of network,
called SMSC (Short Message Service Center), and then from the SMSC to the telephone
receiver. The first operation is called SMS-SUBMIT or (SMS-MO for SMS Mobile
Originated), while the second is called SMS-DELIVER or (SMS-MT for SMS Mobile

Terminated) .See figure 1.2.

ShASC

miobile & miobile B

SKAS-SUDRAIT Sh5-DCLIVER

Fig I.2.Concatenation of a SMS / PP [§]

1
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1.5.2.1. SMS-SUBMIT

With the SMS-SUBMIT, the mobile station sends a short message (160 characters
maximum) to the SMSC. In this case, the logic flow of short messages is as follows: MS

>MSC > IWMSC > SMSC.(Figure 1.3).

When the mobile user wants to send a short message, it must indicate the recipient's

address and the address of the SMSC [9].

The transmitter delivers the message to its short MSC / VLR of attachment (VMSC / VLR
Visited MSC / VLR). The MSC sends a message to its VLR requesting the telephone number
(MSISDN, Mobile Station ISDN Number) of the issuer and to check that no restriction is
imposed on the issuer. The VLR then returns a response if that response is positive, the MSC
sends the message to the SMS function-IWMSC across the network SS7 (Signaling System
Number 7). This message contains the address of the SMSC, the MSISDN of the sender and
recipient and the text message to send. The short message is conveyed in a transaction MAP

(Mobile Application Part).

The SMS-IWMSC retransmits the SMS to the SMSC in turn. The SMSC stores the
message and addresses in its memory and returns a response (delivery report) to the MSC

through the SMS-IWMSC. The MSC returns that report in turn to the transmitter [9].

ey
SC SMS-IWMSC VLR|MSC BSS MS

5 E : 5 | ]
| =Access cha?nel alluca?:lnn

ESMS stnragei 5Endindl_5w|5 Auth + Enr.:ry: tion

i i i ' sending_SM$S |

| Ack_sending_SMS iﬂck;'ﬂ"ﬂi"sgﬁms

Release

Fig 1.3. Sends a text message from a mobile (SMS-SUBMIT) [10]
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1.5.2.2. SMS-DELIVER

With the SMS-DELIVER, a mobile station receives a short message from SMSC. The
message sender can be another mobile station or any entity outside the network. The logical
flow of short messages in the case of basic service SMS-DELIVER is: SMSC - SMS-GMSC
- MSC-> MS [6] .See Figure 1.4.

The SMS-GMSC receives the short message from SMSC. Then the SMS-GMSC routing
information request message to the HLR, information that allow it to connect the message to
the appropriate MSC. The HLR uses this data to find the routing information it returns to the
SMS-GMSC through a response ack. This response contains the IMSI (International Mobile
Subscriber Identity) of the recipient and the address of the serving MSC.

The SMS-GMSC delivers the short message to the MSC through a query. The MSC
transmits the request its VLR to obtain the recipient information. The parameter passed in this
request is the IMSI of the recipient. From the IMSI provided by the MSC, the VLR identifies
the location area (LA, Location Area) of the recipient mobile. The VLR then starts a paging
procedure (MAP_PAGE), technique of search on the whole area or is susceptible to be
requested by a mobile broadcast call. If the VLR does not know the identity of the recipient, a
message 1s issued to begin the process of paging on all dependent on the MSC. The MSC
performs the paging procedure on the location area of the recipient. The recipient mobile
station responds positively. The VLR returns an ack response to the MSC, allowing the latter
to connect the short message to the recipient mobile station. The MSC routes the short
message to the recipient receives an acquittal Ack and Send SMS. The MSC includes this
report in response ack returned to the SMS-GMSC to return the report to the SMSC turn [9].

ST
[sc| |sms-cmsc | |VLR msc| |[Bss| | ms |

itransfer sms H i i
" imi_sms | ; i i
H ! H H H

ek | ] i
Ack_Inf_SMS jbroadcast call + answer |
sending SMS | Auth + Eneryption
3 Bl : >
i ! i Enndlng SMS i
| Report | Ack_sending_SMS i Ack_sending iSMS |
-

Relaass

Fig [.4.Transfer of an SMS to a mobile (SMS-DELIVER) [10]
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If the mobile station recipient is powered off (not responding), the response returned by the
HLR indicates the cause .Also introduced the HLR the MSISDN number of the recipient in a
data file of pending messages (MWD File, Message Waiting Data File). MWD is a list of
addresses with SMSC messages awaiting delivery to the recipient  mobile station. [9]

(Figurel.5)

|5f:| |smsemsc| @ | MSC' [Bss| | ms |

transfer sms! H H
i Inf_SMS | . i
—l : ]

i-—l 1 ]
Ack_Inf_SMS broa dc:_ﬁt call i

; i sending_SMS i |
| ' no ariswier f
5 Ack sendmg SMS H

! Report Repnrt

-
i

i
» |
; Ack_Report ‘

the HLR position a flag
to not remitted of SMS

Fig 1.5. Failed to transfer SMS to the mobile [10]

Once the mobile terminal occurs, the network (HLR) warns that the SMSC can deliver the
message to the recipient successfully. The SMSC was spotted by a telephone number
belonging to the PLMN (Public Land Mobile Network) .The SMSC then completely stimulus
delivery procedure [9] (Figure 1.6).

SC SMS-GMSC a | MSC BSS MS

i i 1 the mobile returng
! ! i to the n ei vork
i | the HLR 59¢5 aflagto | accessand channerarrocatrou

E non- ::Inelnr'ner;gur of an ;
SI‘u’IS | | uptl ting location

: : ﬂpdatmg Iocaln::-n :
! | SMS_rea dy.

.‘—I

| Alert L Alert_SC wsa y

; ‘Ack_Alert_SG ’

transfer SMS

Following nglstratlnn

Fig 1.6.The mobile returns to the network [10]
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1.5.3. Mode of sending SMS

There are two ways to send an SMS message, either by the PDU mode which is the basic
mode or TEXT mode. PDU mode is a sequence of hexadecimal characters that encode the
SMS, TEXT mode is nothing but a representation of text data that make up the SMS. There
are different alphabets used to switch PDU to TEXT mode. For example your mobile phone
TEXT mode displays on its screen data of any SMS received is the one that automatically
determines what type of alphabet to use. But, be aware that some mobile phones do not
support the TEXT mode when interfaced with a PC. It is therefore useful to know in detail the
PDU mode [8] [11].

1.6. conclusion

In this chapter, we defined the wireless networks and the architecture of a GSM network
and the services of transmission and reception of SMS discovering their interests and

manuals.
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II.1. Introduction

Most modern modems have a set of text commands that can be called into
command mode (when the modem is not connected to a remote modem or is put in
local control mode) while the modems the oldest have only of the controls by control

signals or commands in the form of telegrams.

In this chapter, let's make the choice of GSM module, and among all the existing
modules, we will choose a GSM module retail set (Siemens TC35 GSM) and then we
will detail the general description of the equipment the GSM module. Messages will
be sent to the mobile GSM module that contains AT commands and will be treated
accordingly to accomplish the required task. We will try to outline the AT commands

which used to communicate with GSM.
11.2. GSM module

There are now on the market for GSM phones integrated rid of their man machine
interfaces and keep the party machine-machine interface. This corresponds physically
to a multi pin connector or any better to a DB9 connector format for easy connection
to a PC, no need in this case a level adapter TTL/RS232. These modules are universal
since they support standards and GSMO07.07 GSMO07.05 and thereby allow the
exchange of data, SMS, e-mail and even fax via the mobile phone network. Their
simplicity of implementation opens very interesting perspectives on the

implementation of wireless electronic assemblies. [8]
I1.3. GSM module Siemens TC35

The TC35 Terminal is a Dual-Band device which has been specially designed for
voice and fax communication and applications transmitting a low volume of data. The
wireless communications unit is protected by robust industrial housing that also

features a series of standard connectors and a SIM cardholder.

Being a standalone device, this plug-and-play solution, comes equipped with

standard connectors for power supply, antenna, serial port, and handset.

On account of its focus on GSM communication, and its robust casing, the TC35
Terminal is particularly suited for applications with a low data transfer volume. This

makes it a product that can be employed in a wide range of business fields metering,

o
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remote maintenance, transportation and logistics, traffic systems, vending machines,

security, and facility management. [12] See fig (II.1)

Figll.1. TC35 GSM module and its components.[12]
I1.3.1. Key features of TC35 Terminal

TC35 module incorporates all the solutions we can create high efficiency grace to
its architecture which consists mainly of the base band microcontroller, a power ASIC
(Application Specific Integrated Circuit), a complete circuit radio frequency amplifier
with a frequency and a radio frequency transceiver. On the other hand, the TC35
provides us flexibility for easy integration with the man-machine interface, it has two

serial interface (ASCO and ASC1) and is designed with an energy saving technique.
[7]

The main features of the TC35 GSM module are illustrated in the following Table:
Tabll.1

)
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Feature
Transmission

GSM module and AT commands

Implementation
Voice and data

Power supply

Single supply voltage 8V to 30V

Frequency bands

Dual Band EGSM900 and GSM 1800 (GSM Phase
2+)

GSM class

Small MS

Transmit power

Class 4 (2W) for EGSM900
Class 1 (1W) for GSM 1800

SIM card

reader internal

External antenna

Connected via antenna FME connector

Ambient temperature range

-20°C to +55°C (normal operation)
-40°C to +85°C (storage)

Current consumption @12V

see Table 8

TALK mode (peak) 1,5A (pulsed 577ms at
T=4,615ms)

TALK mode: 160mA (typ.)

IDLE mode: 35mA (typ.)

SLEEP mode: 25mA (typ.)

Power Down mode: S60uA (typ.)

Speech codec (triple rate
codec)

Half Rate (ETS 06.20)
Full Rate (ETS 06.10)
Enhanced Full Rate (ETS 06.50 / 06.60 / 06.80)

SMS

MT, MO, CB, Text and PDU mode

DATA

2.4,4.8, 9.6, 14.4 Kbps, non-transparent

FAX

Group 3 : Class 1, Class 2

USSD

65x74x33 mm (approx.)

Size

Weight

130g

Audio interface

Analog (Microphone, Earpiece)

Interfaces

RS232 for commands / data using AT commands

Supported

SIM card 3V

Phonebooks

Implemented via SIM

Reset of TC35 Terminal

Reset via AT command or Power Down Signal

Selectable baud rate

300bps...115kbps (AT Interface)

Auto bauding range

1.2kbps...115kbps (AT Interface)

Firmware download

Via RS232 interface, SIM interface

Real time clock

Implemented (clock frequency 32.768kHz)

Timer function

Programmable via AT command

Tabll.1. Key features of TC35 Terminal [13]

I1.3.2. Interface description

The following interfaces are available on the TC35Terminal: See fig (11.2)

*  Connector for the plug-in power supply unit

* Handset connector

e Mini-SIM card holder
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* Antenna connector FME (male)

* RS232 interface (V.24/V.28 on the D-Sub socket).[14]

Status LED Power supply

Audio interface SIM card holder F3-232 interface Radic interface

Figll.2. Interface description [13]
I1.3.2.1. Plug-in power supply unit
The TC35 Terminal receives its power supply in a wide voltage range (+8 V ... +30
V) via the power supply connectors. Two additional control lines are used for

switching the Terminal on/off (resetting). The connection is implemented by a 6-pin

Mini-Western connector. [14].See fig (I1.3) & Tab (I1.2)

2—3_45
‘J‘ S

‘ Pin assignment:

L free

PD_IN
IGT_IN
free
GND

;WM =

Figll.3. Female 6-pole Western plug for power supply, ignition, power down

[13]
Signal Name Use Parameters
1 PLUS Power supply (see Note 1) | 8V - 30V DC, max. 33V for 1
min

20
I~
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2 Free --- ---
3 PD IN Signal for power down | Uy >5V fort>3,5s
mode(see Note 2) U <2V

4 IGT IN Ignition (see Note 3) U >5V
Ignition > 5V for more than
200ms switches the terminal on

5 Free - -

6 GND Ground ov

Tabll.2. Female 6-pole Western plug for power supply, ignition, power down [13]

11.3.2.2. Handset connector

The handset is connected via a 4-pin Mini-Western socket. The audio interface has

a Symmetrical design. The audio interface can be configured by AT commands .

Three audio modes are prepared in the GSM module for this purpose. [14].See fig
(I1.4) & Tab (I1.3).

22— —3
o
Pin assignment:
1 MICN (Microphone -)
+ 2 EPN (Earpiece)
3 EPP (Earpiece)
4 MICP

Figll.4. Handset connector [13]

Description Parameters

MICN |1 DC:O | Microphone input | DC (no load):
minus Up=6.0V£10%(MICP)Uy=0V

B
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Microphone input
plus

(MICN)Ri=4.7k (MICP)
Ri=4.7k (MICN)

AC: Uimax=1.03Vpp Zi=2kW
Gain range:0...42dB

Earpiece
connector

Earpiece
connector

Tabll.3. Handset connector [13]

11.3.2.3. SIM card connector

U() max=3 .7Vpp,

no load

Ri=15k

Gain range:—18...0dB

The connector is intended for 3V SIM cards in accordance with GSM11.12 phase2

to operate the Terminal. The SIM card (3V type) must be inserted in the card holder

to put the TC35 Terminal into operation.

1. Make sure that there is no voltage applied to the TC35 Terminal.

2. Operate the eject mechanism (yellow pin next to the card holder) to open the card

holder by pressing it down with a pen, for example.

3. Insert the SIM card in the SIM card holder and push it back into the housing.fig

(IL5) [14]

Figll.5. SIM card connector [13]

I1.3.2.4. Antenna connector FME (male)

Dual band antennas (GSM 900/1800) can be connected to the RF interface. The
connection is implemented as a 50W FME (male) coaxial jack. [14] Fig (I1.6) &Tab

(IL4)

B
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Outer

Ialal=ls

Figll.6. Antenna connector FME (male) [13]

Description

RF input/output

Frame connection

Tabll.4. Antenna connector FME (male) [13]

11.3.2.5. RS232 interface

The RS232 interface is the interface for the application software and the
connection to the PC. The customer application communicates with the TC35
Terminal or the TC35 GSM engine by means of AT cellular commands. The RS232
interface is implemented as a 9-pin D-Sub socket with a screw fitting. [14].See fig

(IL.7) & Tab (IL.5)

Data Carrier Detected
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Receive Data

Transmit Data

Data Terminal ReadyAttention: The
ignition of TC35 Terminal is activated
via a rising edge of high potential (+5 ...
+15V)

Ground

Data Set Ready

Request To Send

Clear To Send

Ring Indication

Tabll.5. Pin assignment RS-232 (D-Sub 9 pole female) [13]
11.3.2.6. Status LED

A green LED displays the operating status of the terminal: fig (I1.8), Tab (II.6)

Figll2.8. Status LED [13]

\ Operating status

Power Down off
Not registered to the net (missing SIM, PIN, net) [{ fast blinking

Standby (registered to the net) slow flash (75ms On / 3s Off)

Sleep mode (Power save mode, registered to the [§ off
net)

Talk mode

TablL.6. Status LED [14]
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I1.4. AT commands

Play the most common text commands is called the game AT or Hayes, the name
of the company which marketed the first so-called intelligent modems. The game
consists of simple commands prefixed by AT. In general, both codes are used to
synchronize the modem at the right speed. It is therefore recommended to type with
the same case. The commands work with the internal registers that are directly
manipulated. It is often possible to save the configuration in non volatile memory.
You should know that most of the time many incompatible extensions were
implemented: there is no such thing as standard. However, we speak of common
commands. In general, manufacturers provide the modem with sufficient

documentation for setting. [15]
I1.4.1. Generalities about AT commands

AT is an abbreviation attention. These two characters are always present to start a

command line as text (ASCII) allows the complete management of the mobile.

In official documents dealing with the GSM, we find the words to ME Mobile
Equipment which corresponds for example to a mobile phone, TE Terminal
Equipment which physically can be a computer or microcontroller and TA Terminal
Adaptor which liaises between the ME and TE, not to be confused with the serial
cable. Tab (I1.7)

In practice, there are three possibilities for the arrangement of different elements.

 TA, ME and TE are three separate entities

« TA and ME are a single entity, which is more common. For example a
standard mobile phone or a GSM terminal in its box contains both the TA and
ME

* The TE forms a separate entity, for example it may be a computer that has a
serial port or an electronic circuit based on a microcontroller that implements a
serial port

* The TA, ME and TE are a single entity [8].
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Types of AT commands and responses

AT+HCXXX=? The mobile equipment returns the list of
parameters and

value ranges set with the corresponding
Write command

or by internal processes.

AT+CXXX? This command returns the currently set
value of the
parameter or parameters

ATH+CXXX=<...> | This command sets user-definable
parameter values.

AT+CXXX The execution command reads non-
variable parameters

affected by internal processes in the GSM
engine.

Tabll.7. Types of AT commands and responses.[16]

I1.4.2. Structure of AT command

LU i Iirll-_'

t=rr~ ~stlch character
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FiglIl.9. Structure of AT command [17]

In all cases, the phone should respond favorably or unfavorably to the command
sent. If the command is accepted, the response returned is of the form: <CR> <LF>
OK <CR> <LF>. If the command is not recognized, or that the ME has a problem
when run, an error message is returned: <CR> <LF> ERROR <CR> <LF>, possibly

with a message describing the nature of the error [8].fig (I1.9)

)
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I1.4.3. Structure of a response

The structure’s steps of a response is more clear in the figurell.10
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Figll.10. Structure of response [17]

11.4.4. the parameters used with the AT commands

The list of parameters used with the AT commands are:

<xxx>: Indicates that xxx is a parameter associated with the AT command.
[<xxx>]: xxx indicates that the parameter is optional.

<CR>: Carriage Return.

<LF>: Line Feed (10 in Dec, OA in hex).

<ctrl-z> key: CTRL Z key for more End Of File, it signals the end of a statement
<ctrl-z>=26 Dec = 1A = hex [8].

11.4.4.1. Parameters for storage

<index>: integer indicating the location of the SMS in the associated memory.
<mem1>: Memory, from which messages are recorded, played back or deleted.
<mem2>: Memory used to write or send a message.

<mem3>: Memory used to store received messages.

<stat>: indicates the status of messages located in memory.
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<totall>: integer indicating the number of messages that can be stored in the memory

<mem/1>.

<total2>: integer indicating the number of messages that can be stored in the memory

<mem2>.

<total3>: integer indicating the number of messages that can be stored in the memory

<mem3>.

<used1>: integer indicating the number of messages stored in memory <mem1>.
<used2>: integer indicating the number of messages stored in memory <mem2>.
<used3>: integer indicating the number of messages stored in memory <mem3>. [§]
11.4.4.2. Parameters concerning data

<da>: Address message recipient.

<data>: Corresponds to the User Data field that stores the message body.
<length>: Indicates the length of the field <data>.

<rm>: Message reference (between 0 and 255dec).

<oa>: Address of the message sender.

<sca>: Address the message center.

<toda>: Type of the destination address

<tooa>: type address of the sender of the message.

<tosca>: coding format of the address of the message center. [8]

I1.4.5. The standard GSM07.07 and GSM07.05

The standard GSMO07.07 contains commands for accessing all the functions of the

ME and GSM07.05 specified standard AT commands for managing SMS.
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11.4.5.1. SMS commands

In tab(I1.8) there are the commands & their descriptions

Command

AT+CMGD

Description

Delete message

AT+CMGF

Preferred message format

AT+CMGL

List message

AT+CMGR

Read message

AT+CMGS

Send message

AT+CMGW

Write message to memory

AT+CMSS

Send message from storage

AT+CNMI

New message indication

AT+CPMS

Preferred message storage

AT+CRES

Restore settings

AT+CSAS

Save settings

TablIl.8. SMS command [17]

11.4.5.2. General Commands

Normally when the TE begins to establish communication with the TA and ME ,

this demand characteristics through the following commands.

e AT + CGMI: Name of manufacturer of ME.

AT + CGMI

+ CGMI: SAGEM

e AT + CGMM: Model identification of ME.

AT + CGMM

+ CGMM: G7XX

e AT + CGMR: Version and model level of ME

AT + CGMR
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+ CGMR: SAGEM 0OX1.0M
e AT + CGSN: Identification IMEL
AT + CGSN
+ CME ERROR: 22 (not found)
11.4.5.3. SMS commands
e AT + CSMS = <service>: Selection of message service.
AT + CSMS =? Test command + CSMS: (list of supported <services> s)
AT + CSMS? Read command + CSMS: <service> <MT>, <mo>
AT + CSMS = <service> Write command + CSMS: <MT>, <mo>
e AT + CPMS = <mem>: Selecting the memory to store SMS.
AT + CPMS =? Test control.
+ CPMS: ("ME", "MT", "SM") list of supported memory.
AT + CPMS? Read command.
+ CPMS: <used1>, <total1>, <used2>, <total2>, <used3>, <total3>
OK
e AT + CMGF: Select the format of messages.
AT + CMGF =? Test Command + CPMF: (list of supported <mode> s)
AT + CMGF? Read command + CPMF: <mode>
1: Text mode, 0: PDU mode (default).
AT + CMGF = [<mode>] write command.
e AT + CSCA: Select the address of the SMSC.
AT + CSCA? Test Command OK

AT + CSCA =? Read command + CSCA: <sca>, <tosca>
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OK
AT + CSCA = <sca> [, <tosca>] write command.
e AT + CNMI: Indication of reaching a new message.
AT + CNMI?
+ CNMI = <mem>, <index>
OK
e AT+ CMGL = <stat>: That list messages are in memory.
<stat> is the type of messages to list.
This command returns:
+ CMGL: <the number of messages>, 0, <length the message PDU octets> OK
e AT+ CMGR = <index>: Reading message with the index number.
AT + CPMS?
+ CPMS: <stat>, <length of message>, <message in PDU>
OK

o AT+ CMGS = <da> [, <toda>]: Sends a message to the recipient <da> (sends
ended with Ctrl + Z, 0x1A, 26, or ESC, 0x1B, 27 to cancel).

e AT + CMSS = <index> [, <da> [, <toda>]]: send index message number
stored in memory to the recipient <da>.

e AT+ CMGW: Write a message in memory.

e AT +=CMGD <index>: Clear the index number of the memory.[18]

Other methods of sending an SMS

In the previous case, the message is not stored up in memory but directly sent over the
network. It is also possible to save temporarily stored <mem2> with the command +

CMGW.
For example, if we want <mem?2> = "ME", use the following command:

)
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* AT + CPMS = "ME", "ME"

The first parameter corresponding to <mem1> is mandatory. In this configuration, the

reading SMS and stored unsent is saved in the same memory [8].

PDU MODE (AT + CMGF =0)

MODE TEXT (AT + CMGF = 1)

* AT + CMGW = "number"

> Test PFE

Whether PDU or TEXT mode, the GSM module returns the memory location
<Voice> where the message is stored.

+ CMSS command sends an SMS stored in memory <mem2>, causing the message

was sent previously entered, if the shipment is successful:
+ CMSS: 0

OK

I1.5. Conclusion

In this chapter, we described the Siemens TC35 GSM module used in our
application. The GSM module allows us to transmit and receive data using AT

commands where these data are routed through an RS232 serial port.
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II1.1. Introduction

The realization of this project requires knowledge of the equipment used and especially on
integrated circuits, and we chose the microcontrollers that are the heart of our application. So
the objective of this part is to give the description of microcontroller used, and the general

operation of the system.
II1.2. Microcontroller systems

A microcontroller is a single chip computer (see Figure III.1). Micro suggests that the
device is small, and controller suggests that the device can be used in control applications.
Another term used for microcontrollers is embedded controller, since most of the

microcontrollers are built into (or embedded in) the devices they control.

A microprocessor differs from a microcontroller in many ways. The main difference is that
a microprocessor requires several other components for its operation, such as program
memory and data memory, I/O devices, and external clock circuit. A microcontroller on the
other hand has all the support chips incorporated inside the same chip. All microcontrollers
operate on a set of instructions (or the user program) stored in their memory. A
microcontroller fetches the instructions from its program memory one by one, decodes these

instructions, and then carries out the required operations.

Microcontrollers have traditionally been programmed using the assembly language of the
target device. Although the assembly language is fast, it has several disadvantages. An
assembly program consists of mnemonics and it is difficult to learn and maintain a program
written using the assembly language. Also, microcontrollers manufactured by different firms
have different assembly languages and the user is required to learn a new language every time
a new microcontroller is used. Microcontrollers can also be programmed using a high-level
language, such as BASIC, PASCAL, and C. High-level languages have the advantage that it
is much easier to learn a high-level language than the assembler. Also, very large and

complex programs can easily be developed using a high-level language.

In general, a single chip is all that is required to have a running microcontroller system. In
practical applications additional components may be required to allow a microcomputer to
interface to its environment. With the advent of the PIC family of microcontrollers the
development time of an electronic project has reduced to several hours. Developing a PIC

microcontroller based project simply takes no more than five or six steps.
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1. Type the program into a PC

2. Assemble (or compile) the program

3. Optionally simulate the program on a PC

4. Load the program into PIC’s program memory
5. Design and construct the hardware

6. Test the project.

Basically, a microcomputer executes a user program which is loaded in its program
memory. Under the control of this program data is received from external devices (inputs),

manipulated and then sent to external devices (outputs). [19]

FiglIl.1 Some PIC microcontrollers. [19]

II1.3. the choice of microcontroller 16F877A

Choosing a microcontroller is important because it is Board that depends largely on the
performance, size, and ease of use and installation price. In our case we chose the
PICI16F877A. In fact, the main reason for choosing this type of microcontroller is that it has
a sufficient number of I/ O and an A / D converter in order to implement the analog inputs of
our system, but also for ability to adapt to USART protocol which is implemented on the
PIC16F877A for the RS232 with the GSM module. Fig(I1.2)
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I11.4. PIC16F877 Device Overview
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Figlll.2. PIC16F877 Block Diagram [19]

111.4.1. Microcontroller Core Features

The p controller has: see fig (I11.3)

AN N NN

High performance RISC CPU

35 single word instructions

All single cycle instructions except for program branches which are two cycle
Operating speed: DC - 20 MHz clock input DC - 200 ns instruction cycle
8K x 14 words of FLASH Program Memory, 368 x 8 bytes of Data Memory (RAM)
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And 256 x 8 bytes of EEPROM Data Memory

AN NN Y N N U N N SN

AN N NN

Interrupt capability (14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes

Power-on Reset (POR)

Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation
Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM technology

Fully static design

In-Circuit Serial Programming (ICSP) with 5V capability and In-Circuit Debugging
via Two pins

Processor read/write access to program memory

Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature ranges

Low-power consumption [20]
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Figlll.3. PIC16F877A Pin Diagram [19]
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I11.4.2. Peripheral Features

« Timer0: 8-bit timer/counter with 8-bit prescaler

« Timerl: 16-bit timer/counter with prescaler, can be incremented during SLEEP via
external crystal/clock

% Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler

« Two Capture, Compare, PWM modules

» Capture is 16-bit, max. resolution is 12.5 ns

» Compare is 16-bit, max. resolution is 200 ns

» PWM max. resolution is 10-bit

« 10-bit multi-channel Analog-to-Digital converter

% Synchronous Serial Port (SSP) with SPI and I°C

« Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI) with 9-bit

Address detection

¢+ Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS controls
% Brown-out detection circuitry for Brown-out Reset (BOR).[20]

I1L.5. the permanent memories

The PIC 16F877A has two permanent memories. the EEPROM PROGRAM (Flash)
capacities 8k with words of 14 bits and EEPROM DATA 256 bytes of capacity. There are two
ways to write these memoirs.

The first is to flash the PIC with the executable (.Hex). The instructions are flashed in the
EEPROM program and data are flashed in the EEPROM data. Flashing is done using a
programmer and software that goes with it.

The second method is to access the EEPROM from the program during the implementation

phase of the latter [21].

I11.5.1. the EEPROM data

The PIC 16F877A has 256 bytes of EEPROM data. Its physical implementation starts at the
position of absolute address 2100h. But to access from user programs, addressing is used
relative to the first position. The first position will address 0, the second will address 1 and the
last will address 255.

To access the EEPROM, is used four special registers:
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» EEADR: Register address (relative) (bank 2)

» EEDATA: Registry data (bank 2)

» EECONTI: Control Register (bank 3)

» EECON?2: second control register (bank 3) [21].

II1.5.2. Program memory or flash memory

This memory of 8 x 1024 words of 14 bits used to store the program, but it is accessible by
program and can therefore be used as an extension of the EEPROM data. It is non-volatile
(flash) and reprogrammable could wish. Each position a 14 bit contains instruction. The
location of the program can be located anywhere in memory. However be aware that after a
RESET or when the power is turned, the PIC begins execution to the address 0000H,
moreover, when an interrupt, the PIC is to the address 0004h. It is therefore necessary to
organize the program if it uses interrupts.

The program executable by the PIC is installed in the flash memory using a programmer.
Access to flash memory by the program instructions is the same way that access to the
EEPROM data, except the following points:

e Bit EEPGD must be set to 1

e The register EEADR (8 bits) alone is not sufficient to address the 8k of program
memory, he hugs the register EEADRH in which to write the upper address. These are
the 13 bits required to send 8K.

e The register EEDATA (8 bits) is not enough to contain the 14 bits in a position of
program memory. He hugs the register EEDATH that will contain the 6 bits upper.

e [t is necessary to insert two NOP instructions in the cycles of read / write. During the
write phase, the processor stops the execution of instructions. It is not necessary to
wait until the write to continue as this is done automatically at the end of the writing,

execution resumes at the statement following the second NOP [21].

II1.5.3. Procedure for reading writes the EEPROM

To write and read in a given position of the EEPROM, it places the address in the register
EEADR, the data in the register EEDATA and we launch the write operation or read using
WR bit the register EECONI (for write) and DR of register EECON2 (for reading). The data
(read or written) present in the register EEDATA of the EEPROM. At the end of the
operation, the RD and WR bits are reset automatically [21].

39



Chapter I11 Study and System Architecture

I11.6. /0 PORTS

Some pins for these I/O ports are multiplexed with an alternate function for the peripheral
features on the device. In general, when a peripheral is enabled, that pin may not be used as a

general purpose I/O pin. [22]
I11.6.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bidirectional port. The corresponding data direction register is
TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an input. Clearing
a TRISA bit (= 0) will make the corresponding PORTA pin an output (i.e., put the contents of
the output latch on the selected pin). Reading the PORTA register reads the status of the pins,
whereas writing to it will write to the port latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the port pins are read, the value is

modified and then written to the port data latch. [22]

I11.6.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bidirectional port. The corresponding data direction register is
TRISB. Setting a TRISB bit (= 1) will make the corresponding PORTB pin an input (i.e., put
the corresponding output driver in a High-Impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output [22]

I11.6.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bidirectional port. The corresponding data direction register is
TRISC. Setting a TRISC bit (= 1) will make the corresponding PORTC pin an input (i.e., put
the corresponding output driver in a High-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output. [22]

I11.6.4 PORTD and TRISD Registers

PORTD is an 8-bit port with Schmitt Trigger input buffers. Each pin is individually
configurable as an input or output. PORTD can be configured as an 8-bit wide microprocessor
port (Parallel Slave Port) by setting control bit, PSPMODE (TRISE<4>). In this mode, the
input buffers are TTL. [22]
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I11.6.5S PORTE and TRISE Register

PORTE has three pins (RE0/ /ANS, RE1/ /ANG6 and RE2/ /ANT) which are
individually configurable as inputs or outputs. These pins have Schmitt Trigger input buffers.
The PORTE pins become the I/O control inputs for the microprocessor port when bit
PSPMODE (TRISE<4>) is set. In this mode, the user must make certain that the TRISE<2:0>
bits are set and that the pins are configured as digital inputs. Also, ensure that ADCONI is
configured for digital I/O. In this mode, the input buffers are TTL. [22]

II1.7. Timers

The PIC 16F877A has 3 timers:

v" The timer 0: This is the oldest timers located in the PICs, RTC was the former name
for Real Time Clock. It can be incremented by pulses external via the spindle (TOCKI
/ RA4) or by the internal clock (Fosc/4).

v Timer 1: It works on the same principle as the timer 0, but it is more modern in its
design. This is a 16-bit. It can be either incremented by the internal clock, by pulses on
pin TICKI/RCO or by an oscillator (RC or crystal) connected to pins TOSO / RCO
and TIOSI/RC1.

v Timer 2: This is an 8-bit timer, the clock cannot be that the internal clock divided by 4
(Fosc / 4). The OPTION register associated with the timer to configure the different

modes described above. [22]

I11.8. the USART module

The USART (Universal Synchronous Asynchronous Receiver Transmitter) is one of two
serial communication modules available to the PIC 16F877A. The USART can be configured
as asynchronous communication system full duplex or half duplex synchronous system as

[21].
I11.9. PIC16F877 A/D Module

The Analog-to-Digital (A/D) Converter module in PIC16F877 has eight inputs as shown in
figure 111.4. The analog input charges a sample and hold capacitor. The output of the sample
and hold capacitor is the input into the converter. The converter then generates a digital result
of this analog level via successive approximation. This A/D conversion, of the analog input

Signal, results in a corresponding 10-bit digital number. The analog reference voltages
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(Positive and negative supply) are software select able to either the device’s supply voltages

(Vpp, Vss) or the voltage level on the AN3/Vgrgr + and AN2/Vggg. pins.
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Fig I11.4.10-bit A/D Block Diagram. [20]

The A/D converter has a unique feature of being able to operate while the device is in SLEEP
mode. To operate the A/D conversion in SLEEP mode, the A/D clock must be derived from
the A/D’s internal RC oscillator. The A/D module has these four registers:

% A/D Result High Register (ADRESH) — Bank 0

% A/D Result Low Register (ADRESL) — Bank 1

«» A/D Control Register0 (ADCONO) — Bank 0

+»» A/D Control Register] (ADCONI1) — Bank 1.[24]

I11.9.1. ADCONO REGISTER

RAN-0 RAW-0 RAW-0 RAW-0 RAN-0 RIVLO -0 RAW-0
| ADCSH | ADCSD | CHS2 | CHS1 | CHSO |GD;DDNE| — | ADOM |
bit 7 bit 0

» Dbit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold).

ADCONI1 <ADCS2> ADCONO<ADCS1:ADCS0> | Clock Conversion

0 00 FOSC/2

0 01 FOSC/8

0 10 FOSC/32

0 11 FRC (clock derived from the in
ternal A/D RC oscillator)
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1 00 FOSC/4

1 01 FOSC/16

1 10 FOSC/64

1 11 FRC (clock derived from the in
ternal A/D RC oscillator)

» bit 5-3 CHS2:CHSO0: Analog Channel Select bits
000 = Channel 0 (ANO)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (ANY)
110 = Channel 6 (ANO6)
111 = Channel 7 (AN7)
» bit2 GO/ : A/D Conversion Status bit
When ADON = 1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion which is
automatically
Cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress
» bit 1 Unimplemented: Read as ‘0’
» bit 0 ADON: A/D On bit
1 = A/D converter module is powered up

0 = A/D converter module is shut-off and consumes no operating current. [22]

I11.9.2. ADCON1 REGISTER

RAW-0  RW-0 U0 U-0 RW-0  RWO  RW-O  RW-0
| apFm | apcsz2 | — | — | pcFea | poFez | peFe1 | PoFGo
bit 7 bit 0

» bit 7 ADFM: A/D Result Format Select bit.see Table bottom
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as ‘0’.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0.
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» Dbit 6 ADCS2: A/D Conversion Clock Select bit (ADCONI1 bits in shaded area and in

bold)

ADCONI <ADCS2> ADCONO<ADCS1:ADCS0> | Clock Conversion

0 00 FOSC/2

0 01 FOSC/8

0 10 FOSC/32

0 11 FRC (clock derived from the
internal A/D RC oscillator)

1 00 FOSC/4

1 01 FOSC/16

1 10 FOSC/64

1 11 FRC (clock derived from the
internal A/D RC oscillator)

» bit 5-4 Unimplemented: Read as ‘0’
» bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits. [22]

I11.9.3. Conversion Time

The conversion time is the time required to obtain the digital result after the analog input is
disconnected from the holding capacitor. The conversion time is usually specified in A/D
clock cycles and the minimum period for the clock is specified to obtain the specified
accuracy for the A/D converter. [20]

See APPENDICE A

II1.10. Serial communications

The RS232 is a serial link that can transmit information without transmitting the
synchronization clock. It uses a reduced number of sons, as three are sufficient for the
transmission of information: a wire to transmit, wire for receive and a third for the ground. As
the GSM module uses RS232 protocol, see fig (IIL.5), fig (II1.6), it uses a coding levels +12
and -12V but the PIC only work TTL, it uses an encoding of voltages OV and 5V. So add an
interface circuit between the PIC and the module that handles the conversion of RS232/TTL.
In our project, we used the MAX 232.see fig (I11.7)
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FiglIL.5. DB9 connector pin and function
On the DB9 connector, the pin must be done as follows:

e 1 DCD: Data Carrier Detect. input
e 2 RD: Receive Data. input
e 3 TD: Transmit data. output
e 4 DTR: Data Terminal Ready. Output
e 5 SG Signal Ground.
e 6 DSR: Data set ready. input
e 7 RTS: Ready to send. output
e 8 CTS Clear to send. input
¢ 9 RI: Ring Indicator. Input

Star bit Uata hits stop bit

l

L
Star bit of the next character -

Fig.III.6. data transmission

The figures (II1.6) show the curve of the data transmission as:

e The start bit that the transmission will begin.

e The data bits are then transmitted over a size 7 or 8 bits.

e A parity bit can be added to check the validity of data.

e One or two stop bits end the transmission to return to rest of the line

> MAX 232
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The MAX232 is an integrated circuit created by the manufacturer MAXIM, it feeds a

voltage of 5V. It serves as an interface between a serial TTL levels which are 0 and 5V and

RS232 whose levels-12V to +12 V.

Here is the internal and external structure and the pinning of a MAX232:
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Fig.IIL.7. Internal and external structure of MAX232

See APPENDICE B
ITI.11. Operating principle

The figure shown below is the block diagram of our project. It is a simple illustration of
how we implemented our project and the various parts used.
Representation below, the first mobile station is a mobile phone, it is used as a source of
transmission of text messages (SMS) containing the instructions. A second station is a GSM

module that is attached to our application.

The GSM module as shown in the diagram is a module of TC35 Siemens. Les received

messages are stored in the memory of the SIM module.fig (I11.8)
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Figlll.8. Block diagram of system

The microcontroller retrieves messages that are processed accordingly to perform specific
operations: order or control the inputs or outputs.

From the first mobile station which is the mobile phone, the user sends an SMS message
containing instructions to the second station is the GSM module it stores it in memory of the
SIM card. The controller (PIC16F877A) communicates with the GSM module by AT
commands, the PIC sends the command AT + CMGL to the module to list the stored
messages. In cases where there are no messages the module sends an OK response only to the
product and otherwise, the module returns the index of all stored messages and their states
from memory. The PIC stores the first index and it will read the message using the command
AT + CMGR, it saves the phone number of the issuer and is a filtering operation to identify
the user and prevent any foreign intervention.

If the transaction occurs, the PIC sends the same command to replay the message, but this
time it saves the message data in memory because the PIC has enough space to save the entire
message, the PIC decodes and processes the data, if it there's a fault in the format, the PIC
sends an error message. Otherwise, it loads the instructions in the POTRD to control the
output. As following, the PIC will send confirmation message states of inputs and outputs. If

the filtering operation is not performed, the PIC ignores the received message.
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The PIC will delete the message processed by sending the command AT + CMGD over the
index of message deleted. The PIC will test the inputs outputs even if the module has not
received any message.

Whenever the PIC sends the command AT + CMGL to test if there's Inbox and in both
cases the PIC tests the status of inputs / outputs and sends an alert message if found a change
in the digital or analog inputs if exceed the threshold voltages.

To post a message, the PIC uses the AT + CMGS over the phone number stored in the
EEPROM of the PIC followed by the message data, when the GSM module receives the
CTRL Z character (26 decimal) the message is sent over the network to the user.

The process of control of a device connected to the interface will proceed by the following
steps:

% Control unit: Once the message is processed and stored, the PIC will change the status

of 8 digital outputs by loading the PORTD by the register or the message was saved,

and depending on the contents of this message changes the PIC outputs.

X/
°

Control unit status: In each time period, the microcontroller will check the digital
inputs and when it finds a change of system state. The PIC sends a message containing
the status of recent system to the GSM module, it sends the message to turn the user-

controlled system.

X/
L X4

Unit of measure voltage (analog): This function is to measure the analog voltage
across an electrical system. The PIC receives electrical distensions we going to
measure using the module A / D.

«» The microcontroller measures voltages up to 5V so we used the rule of the voltage

divider for dividing the voltage.

1I1.12. Conclusion

In this chapter, we studied the PIC16F877A, their main characteristics and the general
operation of our project.

So, the next goal is to run the PIC with other application modules.
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IV.1. Introduction

The realization is a logical of a design work. The development work of our

application is none other than the realization of the needs expressed above.

We will in this chapter describe the different steps of the project where we began

by the hardware then the software.
IV.2. HARDWARE
IV.2.1. Architecture system

From practical point; our system divided into multiple channels; The heart of
system is 'the microcontroller PIC 16F877A' (works only in TTL / CMOS), where it
must communicate with the 'GSM module' that uses the RS232 protocol with care of
the conversion between the PIC and RS232 .The fig (IV.1) display the global schema
of our card system & it’s different division, we start by the power supply in the next

title.
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FiglV.1. Block diagram of system

Representation the Electrical schematic of application

The global electric schema is in the following image .see fig (IV.2)
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FiglV.2. Electrical schematic of application

IV.2.2.1. Power supply

Each circuit of our system needs an accurate supply voltage, where its power is
between: “15V <voltage <19V and a 1A <current <3A”, in our work we need

different voltages, for that we applied voltage regulators with kind «LM78xx seriesy.

See fig (IV.4)

The LM78XX series is available in an aluminum TO-3 pack-age which will allow
over 1.0A load current if adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value. Safe area protection for the
output transistor is provided to limit internal power dissipation. If internal power

dissipation becomes too high for the heat sinking provided. See fig (IV.3) [23]
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LM E=m

O

e
N

Lim Voot

Mas=e

FiglV.3. Schematic of a regulator [24]
Where:

LM: prefix used by the manufacturer. It may also involve uA, or MC.
78: means it is a positive regulator

79: means it is a negative regulator

xx: fixed output voltage (integer value)

Current values avalable: 5V, 6V, 9V, 10V, 12V, 15V, 18V, 24V [34]
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FiglV.4. Schematic of power supply
1V.2.2.1.1. Power supply of GSM module

T35 GSM module needs three different voltages: A voltage of 12V for its power, a
voltage which is greater than 5 volts to initialize the module for more than 200ms and
a voltage greater 5 volts to power off for t> 3.5s. For its different voltages, was

performed using a circuit voltage regulators that has cascaded.
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The supply voltage of GSM module is obtained from an input voltage 15 <V <18
using LM7812 regulators and diode zener. By first reducing the input voltage of 13V,
in practice, the output voltage should be 13V, but the tolerance on the values of the
Zener diode and the output voltage of the regulator are that the value may differ
slightly. Then was reduced from (13V) to 12V, allowing us to feed of our GSM
module. Using this voltage regulator input of another LM7805 with diodes 1.2V,
placed between ground and ground terminal for the integrated regulator to output a

voltage of 7V for initializing the GSM module.Fig (IV.4)

1V.2.2.1.2. Power Supply PIC16F877A and MAX 232

To start up the PIC16F877A, there are 7 pins, should connect them correctly. The
ideal voltage for PIC16F877A is 5V (Direct Current). It should not be higher than
5.5V because it going to blow up, or less from (2V) because it not going to be
operates. You will have various type of supply such as battery and DC adapter. The

problem is, if you use battery, it’s hard to find normal one with 5V.

From the voltage of regulator "U6" LM7805 previously, we obtained the input of a
regulator "U4" LM7805 to get an output voltage of 5V, which enables us to supply
the MAX232, PIC16F877A and input digital. See fig (IV.5)
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FiglV.5. Schematic of power for GSM module, max232 and PIC

1V.2.2.1.3. Power analog inputs

For analog inputs, we use the same type of regulator and the same input voltage

(8V).fig (IV.6)
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1V.2.2.2. the system inputs

The system has 8 digital inputs and 8 analog inputs:

1V.2.2.2.1. Analog inputs

FiglV.6. Power analog inputs

The analog inputs of system ,may vary within a range of voltage of 0 to 8V. As

the PIC16F877A ,may not convert a voltage higher than 5V; it should use a devisor

voltage to adjust the tension measured in such a fate; where it converted by the PIC

using two resistors 10KQ and 680€, as he shows us the following figure(fig IV.7)
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FiglV.7. Schematic of the analog inputs
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1V.2.2.2.2. Digital inputs

To connect the digital inputs with PIC 16F877A, by using 470Q resistors to
protect the entrance of limiting the current PIC, and by using 4.7K resistors to force

the to have zero in the absence of voltage (power off) as it is shown in the following

figure. See (fig IV.8)

Realization and Validation
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FiglV.8. Schematic of the digital inputs

1V.2.2.3. Serial communications

The MAX232 has two TTL inputs, two RS232 inputs and their corresponding

outputs but in our case, we use only a TTL input, RS232 input and output as a single

link is sufficient.

The assembly of MAX 232 requires the use of four 1uF capacitors are placed as

shown in the following figure. See fig (IV.9)
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1V.2.2.4. the system outputs

We have seen that the PIC can receive commands that define the state-controlled
system and it will alter the state of 8 outputs depending on the variation of these

commands. Each command outputs with LED ON or OF. See fig (IV.10)

RDO

RD1

RD2

RD3

RD4

RD5

RD6 —

RD7

FigIV.10. Schematic of the digital outputs
1V.2.2.5. Quartz

Here is the way how to connect the crystal oscillator with pins: 13 -14 named

OSCI1 and OSC2 from various frequencies.

The Pulse obtained from the oscillator has sometimes a noise; to reduce the noise we
add two capacitors, in piko farad. The value of capacitor is depending on the speed of

oscillator that you use. See fig (IV.11)
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FiglV.11. Crystal pin out with PIC
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1V.2.2.6. the Reset Circuit

To give power supply to PIC; there are 7 pins should be connect in order to let
PIC operate. 4 pins are already connected : 2 pins for 5V and 2 pin for ground
(negative),and left the 3 pins (non using). The other important pin is Reset pin
(MCLR - Master Clear Reset at Pin number 1). If PIC read OV at MCLR pin, it will
reset the program, so if you not connect the MCLR pin with 5V, PIC will remain reset
and your program will not execute. You can directly connect the MCLR with 5V but

you will unable to reset it if your system goes wrong. See fig (IV.12)

R17

DC 5V MCLR
I/ @ 1k
® O O

Fig IV.12.the Reset Circuit

If you want to use the reset function, you need to create logic condition which is 1
and 0 to the reset pin. 1 is meaning the reset pin get 5V. If the reset pin logic is 1, the
program in the PIC executes, but if the reset pin logic condition is 0 (which is 0V) the

PIC can not execute the program.
IV.2.2. Realization

After studying the deferent elements constituting our electronic board; we turn to

the physical realization of a test plate of our project.
1v.2.2.1. PIC programmer

Implementing a program in the PIC; needs to have a programmer allow us to load
our program in the registers of PIC. For this; we used universal PIC programmer
which can program a wide range of PIC as well as most of the serial EEPROMs. It
simply connects to the parallel interface of a PC with a COM port. Fig (IV.13)

See APPENDICE A
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Fig.IV.13. Interface Universal Programmer

See APPENDICE G

1V.2.2.2. Realization on test plate

The practical realization is the final work of our project, it is to implement all
functions on a test plate and make them work. Figure IV.14 shows a photo of the final

application's functions.

B
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FigIV.14. Realization on test plate of the application

1V.2.2.3. Experimental validation

Experimental validation is to verify the operation of all functions the application

made it on the test plate.
1v.2.2.3.1. Experimental validation of the digital inputs

To wvalidate the digital inputs by change their states by a switch where they
expected to send an alert message from the PIC to our mobile phone. Here is a
screenshot of the hyper terminal; shows that sending a message after a change of

digital inputs.

Note that in the confirmation message sent; the property owner that the digital
inputs have been changed (ON) according to the changes which we have implemented

on the Switch. See fig (IV.15)

‘ 59)
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FigIV.15. Screenshot of the hyper terminal for digital inputs

1V.2.2.3.2. Experimental validation of analog inputs

To validate the analog inputs, using a potentiometer to vary the voltage and wait
for an alert message on our cell phone from the PIC then visualized this message on
hyper terminal that shows the values of analog voltages. The figure below is a
screenshot of communication between the PIC and the GSM module which shows the

analog values in the message sent. See fig (IV.16)
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FigIV.16. Screenshot of the hyper terminal for analog inputs

1V.2.2.3.3. Experimental validation of digital outputs

To validate the digital outputs, we will send a message as??’R 1 ON 2 OF 3 ON 4
OF 5 ON 6 OF 7 ON 8 OF (which mean(??R —> special characters,1.2...8 >
number the led’s) ) to the GSM module where we can see the changes of the digital
outputs (LEDs) on our application ;The hyper terminal shows the communication
between the PIC and the GSM module. From Figure V.20, we note that the PIC has
listed the messages from the SIM card by sending the command AT + CMGL and
found only a message unread, after read the message by sending the command AT +
CMGR, we note that the PIC changes the state of digital outputs by (led’s) as the
message sent; then confirm to the owner a message with the command AT + CMGS
after checking the number of the message sender and the form of the data. At the end;

the PIC deletes the message. See fig (IV.17)
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FigIV.17. Screenshot of the hyper terminal for output control

1V.2.2.3.4. Experimental validation of a Message error

In case the message data does not respect the form, the PIC sends the user an error

message before deleting the message by sending the command AT + CMGD, as

shown in screenshot the following hyper terminal. See fig (IV.18)
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FiglV.18. Screenshot of the hyper terminal to an error in the message

Now we pass to the second study of our work which is the software in the next title
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IV.3. SOFTWARE
IV.3.1. Program used

» The program PROTEUS is composed:

v" The ISIS schematic editor See APPENDICE C

v" The design tool for printed circuit ARES See APPENDICE D
» The program MPLAB See APPENDICE E
» The program hyper terminal See APPENDICE F

1V.3.1.1. The schematic ISIS

The ISIS user interface shown in fig (IV.19), consisting of edit, overview and
object select windows, with edit toolbars. Components are added to the object list
from the libraries provided, dropped onto the schematic, and connected up using

virtual wiring. Components can be labeled and their simulation properties modified.
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FigIV.19. Interface ISIS
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IV.3.1.2. Presentation of Ares
General aspect of ARES is very close in ISIS. See fig (IV.20)
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FigIV.20. Interface ARES

IV.3.1.3. Choice of programming language

Programming the PIC can be done in assembler, Basic or C. We have developed
our program in assembler for several reasons including the ability to precise the
control of execution time, and for the assembler compilers are free contrary in C or

Basic.

However, it is closest to the machine; & produces compact and fast code, but must
be set by hand. It is perfect for applications that require real-time control for very
short timings. It is very intellectually stimulating for those who want to get involved

in complex projects.

Using the RISC architecture and instruction set of PIC16F877A is limited to 35

basic instructions, which simplifies programming.
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Presentation MPLAB IDE

MPLAB Integrated Development Environment (IDE) is a comprehensive editor,
project manager and design desktop for application the development of embedded

designs using Microchip PIC (micro microcontrollers).

The MPLAB IDE allows you to create source code using the assemble of
integrated editor, compile and link the source files that can come from different
languages. An assembler, linker and library manager are supplied with MPLAB. It
also allows you to debug the executable code by observing how the program using the

simulator provided.
IV.3.1.4. Hyper terminal

HyperTerminal is a program that is integrated with Windows. This is a slight
graphical interface, can establish a serial connection. This program allows us to

transmit data on the COM port and display functions.

In our application, we will use it to display the communications between the

application and the GSM module on the PC screen. We will verify the proper

functioning of our application. See fig (IV.21)

o vnmen 1l TR B | TR e | LA

FiglV.21. Interface Hyper terminal
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Our flowchart displays the detail of our work where we can see it in the next title.
1V.3.2. Flowchart of main program implemented in the PIC

The Flowchart below (fig (IV.22) ) shows the general sequence of our main

program, which consists of several sub programs where we can see it later.

Configuration and installation

List the messages in the SIM cart

Yes

Message
found

Filtering
” Ok"

Yes
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1V.3.2.1. Flowchart of subprogram tests I / O

The following Flowchart shows the details of sub program which verify the
“analog / digital” inputs and digital “outputs». See fig (IV.23)

< Test "input, output" >
!

Check the status of digital inputs

No

Digital
innuts "ok"

Yes

Save the digital inputs

'

> Save the digital outputs

Flag sending
SMS " 1 ”"

Yes

Figl'V.23. Flowchart of subprogram tests I/ O
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1V.3.2.2. Flowchart of subprogram SMS case

The following Flowchart shows the SMS case of sub program which charge case

of the digital outputs, digital inputs and analog inputs. See fig (IV.24)

Call subprogram to send SMS

}

Charge case of digital outputs

!

Call the subprogram with temporary
transmission

!

Charge case of digital inputs

|

Call the subprogram with temporary
transmission

l

Charge case of analog inputs

l

Call the subprogram with temporary
transmission

l

FiglV.24. Flowchart of subprogram SMS case

IV.3.2.3. Flowchart of subprogram transmission

The Flowchart below shows the routine of sub program which the operation of

message transmission. See fig (IV.25)

o
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@ansmissiD

Start the transmission TXEN=1

l

Call subprogram e the delay ¢

TXIF=1

A 4

Load the byte send into TXREG

l

Test the byte to send with the
character .13

;

End of
message

No

End of transmission

< Return >

Fig V.25 Flowchart of subprogram transmission
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1V.3.2.4. Flowchart of subprogram reception

The Flowchart below (fig (IV.26)) shows the subprogram of program for the

operation of receiving messages.

CRecentioD

Start reception CREN =1

!

Call subprogram the delay

A

No

A 4

Load the byte received in memory

l

Test the byte received with the
character K

!

No

End of
recention

End of reception > CREN = 0 and
CNIE=0

Fig IV.26. Flowchart of subprogram reception

IV.3.2.5. Flowchart of subroutine filtering

The following Flowchart represents the sub-routine of filtering program for sender

telephone number. See fig (IV.27)

-
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Subprogram
Filtering

Read the phone number of an
EEPROM

l

Read the phone number of sender

Test the start
number

Compare the number

&
<«

( Return )

FiglV.27. Flowchart of subroutine filtering

1V.3.2.6. Flowchart of subroutine for sending an SMS

The Flowchart below (fig (IV.28)) shows the sub-routine of program by sending

messages from the PIC to the user.
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Subprogram
sending SMS

Read the phone number of an
EEPROM

!

Send the number

FiglV.28. Flowchart of subroutine for sending an SMS

1V.3.2.7. Flowchart of subprogram processing of SMS

The Flowchart below shows the detail of sub program which is the processing of

messages sent from the user to control the input / output.se fig (IV.29)

Test the start of message character

No /\ Yes
\Ok/

| ;

Error Save case of digital outputs
e
Send the error message : Call subprogram tests I/ O I
¢ I e o e o o e e e e e e e e e e = e = =
B
[ Call subprogram the delay I
L oo oo oo oo oo oo oo oo oo e e e e e e e e omm omm o

FiglV.29. Flowchart of subprogram processing of SMS
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1V.3.2.8. Flowchart of subroutine to read a SMS

The Flowchart below shows the sub-routine of the program done to read the

messages. See fig (IV.30)

Subprogram

reading SMS

Load the reading command more
index

FiglV.30. Flowchart of subroutine to read a SMS

IV.4. CONCLUSION

In this chapter; we have described the several of circuits which are the functions of
our system; and we have illustrated the important stages of the project by two

methods: simulations and experimental validations.



GENERAL CONCLUSION AND PERSPECTIVE

General conclusion and Perspective

The work presented in this report was produced as part of our project graduation

cycle Master 2.

The project aimed to achieve a platform offering notification services and remote
control via SMS. We selected, the mobile SMS, as solution to provide connectivity
between different actors involved in the service. It has been beneficial since it allowed
us to discover a vast scope and rich in practical procedures, it also gave us the
opportunity to thoroughly test our theoretical knowledge; In addition, this project

allowed us to:

-Study in detail the GSM mobile network and SMS messaging services via

this network and the AT commands that allow us to connect to our system.

-Control the assembler language development and operation of the PIC and
start with small programs and achieve to their simulations. After that we started to
realize our map by implementing the PIC in the wiring diagram with other functions

and verify proper operation of the program.

The realization of our product does not mean it cannot be improved because the
concept of security and the evolution of mobile networks to third generation inspires

us to add other qualities to these services and improve those exist.

For next project I propose for student to use directly the mobile phone in the place

of module GSM for economic causes.
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A /Data Sheet PIC 16F877A

MICROCHIP

PIC16F87XA
Data Sheet

28/400/44-Pin Enhanced Flash
Microcontrollers

40-Pin PDIP
MCLR/N\P? —=[] 1 ./ 40 =— Ra7/PGD
RA1/AN1 =—=[] 3 38 [] =—— RB5
RA2IAN2NVREF/CVREF - [ 4 37 ] =—= RB4
RA3/AN3/VREF+ ——[] 5 36 [] =~ RE3/PGM
RA4/ TOCKI/C1OUT —-—a[] 6 35 [] =—= RB2
RAS/AN4/SS/C20UT =— [ 7 <L 4 [0=— RBE"
REO/RD/ANS -—=[] 8 = 33 [ =—= RBO/INT
RE1AWR/ANS -—[] 9 = 32 [0 =——— Voo
RE2/CS/AN7 =—=[] 10 ﬁ 31 I =-—— V33
VRN —— [ 11 & 30 0 -— RD7/PSP7
VEs w12 s 29 [] ~—— RDB/PSPB
OSC1UGLKI —= ] 13 e 28 [ =—= RD&/PSPS
OSCZ2/CLKO - [] 14 E 27 [ «—» RD4/PSP4
RCO/T10SOITICKI =—=[] 15 o6 [] =—= ROCT/RXDT
RC1/T1OSI/ICCPZ =— =[] 16 25 ] == RCE/TX/CK
RCZ/CCP1 w—e[1 17 24 [ =—= RCH/SDOA
RC3/SCK/SCL =—= [] 18 23 0 =—= RC4/SDISDA
RDO/PSPD =[] 19 22 [] =—= RD3/PSP3
RO1/PSP1 —-—s[] 20 21 [] -——a RD2Z/PSP2

o
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B / Data Sheet MAX232
MAX232, MAX232I
CUAL ElA-232 DRIVERS/RECEIVERS
S5 - FEBR JARY 1983 - REVISED OCTJBER 2002
& Meet or Exceed TIAJELA-232-F and ITU MAKI3Z. . .0, OW, N, DR NS PACKAGE
Recommendatian V.28 MAX2I2] .. . D, DV, OR N PRCEAGE
' [TOF VIEW]
*  QOperale With Singla 5V Power Supaly )
® Operste Up to 120 kbitis Cieflr 7 e[ vee
# Twc Drivers and Two Raceivars '“'?r E e B % $1r‘§JT
| C1-M1z 14 i
* 30 Input Lavels caefla wfRIN
* Low Supply Current. ..  mA Typical [l w=[RiouT
® [Cesigned to ba Interchangeable With Vg [l H]TIN
Maxim MAK232 mrouT[jr w]TEm
® ESD Protaction Exceeds JESD 22 Ramfle  s{lR2ouT
— 2000-V Human-Body Model (A114-A)
® Apglications
TIA/EIA-231-F
Battsry-Powared Systems
Teminals
Modems
Computers

description’erdering information

Tre MAX232 5 2 dual diverraceiver that indudes a capacilive voliage generater to supply E1B-232 voltage
levels from a sirge 5V supply. Each recelver comearts EIA-232 inputs to 5 TTLICMOS lavels. Thesa
receisers have a ypcal tireshald of 1.3% and a ypical Fysleresis of 05 Y, 2nd can azeept £30- inputs. Each
oriver converts TTLICMCS Input levels into ElA-232 levels. Tre diver, recaiver, and veltage-generasor
functons ate available as cels inthe Texas Instruments LinASIC™ library.

ORDERING INFORNATION
CRDERABLE TOP-SIDE
Ta PACKAGET PARTKUMBER | MARKING
POIP [} Tuba MAKZ3N MAXZIZN
Tuba MAXZ3ZD
SOIZ{D) — WAxzIz
) Tepe andreel | MAKI3ZDR
P°Cie M
Tuba MAKZ3ZDW
SOHZ DY) MAxZIZ
Tape andredd | WAKISZDWR
S0P S | Tepeandresl | MOGEZNSR MAXZIE
PO [ Tuba MRICZ3ZIN MAXZIZIN
Tuba WAKZ321D
SOIZ (D) MATIER
~A0°C 0 BE°C Tope andred | WEUCEZIOR
Tuba MAJCZEZIDW
SO (D) MATIER
Teps andred | WAKZZZIOWR

" Pactage drvwings standard pecking cuarlises Mernal dats, sowoizmion. and PCB design
guidalnea are svaiable ol wamli smiscparkage

Please be xwere thal an imporiaal nalice corcering availabiliy, stardard warmarty, and vse in offical appicaions of
Tess Inskuments sermicancucior produas and ceeclimens heeelo appears ablbe end of s data skest

L nASIC is & kademark o T Insluments.
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C /ISIS

HOW TO USE ISIS

biSiS Intelligent Schematic Input System

START ISIS @

16
[EIOTESSI0TG
The screen of ISIS
T = E TEE . . el
AR AMER TEIFIARANS mol k. = FimF RAEfln H
.
bt
.
v
ENTERING A DESIGN

L — | F||L DEVICES

2.1 Choose the components :Click on P DT T1E

. 10 AT T470R
2.2. Place links F3E1P-1-B02GLF
Fens

-Click left button on the spindle of the 1* component to be ;g?g

connected (a cross is added when the mouse is positioned). EE; IZDLEE
CERAMICT 0OP
CarM-5IL1

nd . : : CRYSTAL
2" component link.lik this DIODE

DIODE-ZEN
R37 <TEXT=> LED-BLUE

i LED-GREEN
— : = LED-RED

_____ Mg -TEVT- P A 232
METALFILMESOR
FICTEFE77A
SIL-156-08
Swi-DIP2

-Click left mouse button at each change of direction until the pin
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For more help see the file “doc-ISIS.pdf”

D/ ARES

RES dvanced ~outing & “diting “oftware

WL

The diagram to the router must be entered with PROTEUS ISIS.



APPENDIX

In ISIS, click the icon [
The window ARES is open
R ) o = EBadr T o el - -

hlc [=d STEY '\-‘".'\-l-.hh Ligwary Towh  Jydery el
ucE @ & | e AR me e 3L, v el 3 R

L]
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i
i

o] | iRl T T % || Crngmireeiocms Decncr e T Poismonn am i E i T iz D o

Click on the icon m

Select the side [CJBoard Edge ~|

Trace the area on the cart
Component placement

Click on the icon I

LN L k. ____&. = o
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The printed circuit board PCB

The PCB in 3D

HE R

EEEEEEFF—
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SETR

ot o e e g ] o s o s B e ]

s |

anm m

._ ot S i R il

For more helps see the file “Doc-ARES.pdf”’
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E / Running MPLAB IDE

To start the IDE, double click on the icon

-= gt
Fl F=il Wias Figal

]"lsu|;<

CREATING SOURCE CODE

Begin by writing code for the application using the MPLAB IDE editor.Select

File>New. A blank edit window should open in the workspace.
Starting the Wizard

Start the Project Wizard by selecting Project>Project Wizard. and chose the PIC
16F877A.

Slep O
sScloct o dovicc

| T me

Vil
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In the final build the project to get file in HEX

5| Output = || B | [
Build | Yerzion Control I Fird it Filesg

CENgUaME 1001 VersIons. MEASMYVIN.ExXe W 3001, 1
Freprocessor symbol ' DEBUG' is defined.

Tue May 01 17:04:25 2012

Clean; Deleting intermediary and output files,

Clean: Deleted file "CAUsers\azza sama\Documer
Clean: Done.

Executing: "C:AProgram Files'\ Microchip MPASK S

Executing: "C:AProgram Files'\ Microchip MPASK S
HPLINKE 4 30.01. Linker

Copyright () 2009 Microchip Technolog
Error= .

MPZHEX 4 .30 .01, COFF to HEX File Conve| |

Copyright {c) 2009 Hicrochip Technolog|®|
Errors w0 |

Loaded Ch\Users\azza sama\Documents smspurir

Debug build of project"CA\Usershazza samahDocur
Language tool versions: MPASKMWIN exe +5.30.01,1
Freprocessor symbol ' DEBUG' is defined.

Tue May 01 17:04:37 2012

BUILD SUCCEEDED

I —T— P

For more help see the file “mplab_quik_star.pdf”

F / Hyper terminal

Double click on the application

Connection Description Lilﬂ—s_,l

IEE? Mew Connectlon

Enter a name and chooee an icon for the conneaction:

Narne.
[

lcan:

S L me M

vil |J
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Type in a connection identifier name and click OK.The only restriction here is

it cannot be a device name e.g. “COM1”

Connect To M

Erter details For the phone number that you want to dial:

Country/region: IFrance (33) ;I

Enter the area code without the long-distance prefix,

Area code: I

Fhione number: I

Connect using: ICDMl LI

Configure. .. |

[T Detect Carrier Loss
¥ Use country/region code and area code
I Redial on busy

oK I Cancel

The next dialogue box will ask for the Port Communication Settings:

Propriétés de : OOML |2 iR

Paramétres du port |

Bits par seconde ; |gREELH -

L

Bits de données : IB

Parite I.Pu_|c1_|n j
its d'amét : |1 -]
Contréle de fiee : | Aucun |

Paramelies par defaul |

QK I Annuler I Appliquer |
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Now, every time a character on transmission reception two will appear on the screen:

mr—— S
AT —

Tie Lot View Call Transfer |lela

e &2 OH &

|k

|HT-EHEL="HLL”

<CHGE . 1, R UNREANT, =2 13 FARG SRAY 1A arB6 1 5 19 bt
TAMOLIONZON SO & Or SONGEON TOF &ar

| 0K

Ni-GHER 1

'CHCR: “REC FEAD™, " 2137730674857 “12/05/06 17:19:L2 047
TICE L ON 2 DN 3 Ok & OF & ON 6 U F O 8§ UE

UK

|AT ' CHGM=1

[+CHGH: “HEL RENL™, =213 f P306 Fa087 . "1/ 0006 1719 4284
TAMLON 204 300 607 50NN6GONTOC SO

| 0K

N =+CHES “H {2306 fARE"

> YOURS SHS COMTIAMNS HAY . ERFEUR PLEASSE TTHHMEE-
|UE

AT ' CHCD=1

UK
AT CHOI ="R1T
UK

Tornccoen (a02d0 Aute det=et 3152003 W1 SZMaLL ZAFE iMUM | Capture | Priabechs

G / ALL-11 universal programmer

Double click on the application

] ALL-11 Universal Programmer E — 18| =|

Laavice acier Ophion Julee Hz3lo

k™ | 1) | a.'l rml (7] | & | | SN Upane | s fet i O SYSTCIMS. COmLTw

Fail C e B || MITMINC M0 T ST 7 8 240 DS T3 =]

ALL-11

LININFREAL PROGRAMIAFR & TFSTFIR

DEVICE ACCESS FILE

Coepvright {a] 2003




APPENDIX

Clique on “Device” and chose the “MICROCHIP”

1ol x]
& ICE & MEGAWIN & 0Kl & SAMSUMNG
& ICS1 & MICON & DMNI-WAVE & SANTOD
& ICT SMICnoCHIr & PCNrcct & 5CCn
& 10T & MICRON & PFC @ SEIKD
& IMT & MITSUEISHI & PHILIPS & SGS-THOMSON
& INFINEDN @ MMI @ P @ SHARP
& INTEL @ MOSEL & PMLC ¥ SIEMEMS
& 1551 & MOSEL VITELIC & P55 ¥ SIEFRA
@ITT & MOSTEK & PTC & SMARTCHIP
& LATTICE @ MOTOROLA & BAMTROM & SMOs
& LG Semicon @ M¥IC & RCA & SMSC
& LINKSMART & MYSONM & RENESAS & SOMIX
& LINVEX B NATIONAL & RICOH & SONY
& M.tec @ MEC & ROCKWELL & SPAHSION
& MAGNACHIP i MEXFLASH & ROHM @ 55T
& MATSUSHITA & MOVATEK & SAIFUN @STH
4] | |
v Ok _X carcel|
Chose the pic16f877a and pres run and upload the HEX file
21|

Regarder danz | [ My Proj

"

ste ce travail

] & ckE

Mo du fichier ;

Fizhiers de type

IEIZZEEIEEIEEIEIEIEIEIEI&EIEIEIEIEIEI

|HE Fles

[ O en lechue seule

j Cluwrie I
j Snuler |

4

o
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Chose Intel HEX and press ok

File Format i x|

File Formats : —File Status :

Bina -
File start: ||]|]|]|]|]|]|]|]
MOTOROLA S Record = |

File end: |
Unused Bytes : JOO00AFFF |

¢ Don't Care Buff start: [pooooooo

[y -
o0 il | Cancel ||

Press icon L
Auko

And press run

ALITO

IMfr. : MICROCHIF Type : PICIGF&TTA

Serial No. : |OFF

Counter: |881FFF Erasing...
Erase OK?
r Blank checking...
¥ Erase Blank check OK?*
Programming now. ..
I Blank Program OK?
¥ Program Verifying now(UDDmin}...
: Uerify OK ¢
v Veri i,
= fy Uerifying now{UDDmax}...
r Uerify OK ¢
™ ~Protection
&+ Protect all
f-
&

| Close || S{N setup ||

o



R18 R19 R20 R21 R22 R23 R24 R25

47K
R26 a470r
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R28 470r
1
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16 I
1 R30 470r
] —2 AN D
mr— RBHI—'
13 470R
== o
11—| 470R
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mmr— ——— R33470r
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LED-BLUE
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C3
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— e L 13 33 1
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[ 1+—<]lRrR4 £ RAO/ANO RB3/PGM [—32 =
R12 680R | RA1/ANT RB4 [—22 z
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R13 680R [ RAS/AN4/SS/C20UT
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@ ¢
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1 <] R8 RD1/PSP1
R16 680R RD2/PSP2
DC 8V RD3/PSP3
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